Abstract: Pollen morphology of 14 Allium L. species grown in Turkey, that belong to the sections Codonoprasum and Allium, were investigated under LM (light microscopy) and by SEM (scanning electron microscopy). However, the pollens of 5 species were investigated under TEM (transmission electron microscopy). Detailed pollen morphological characteristics are given for Allium in the family on the basis of the results presented here together with data from the literature. The genera Allium homogeneous in both aperture type and exine ornamentation. It is suggested that some palynological characters, such as aperture type and the presence of an operculum, could be of taxonomic value at the section level.
Introduction
The Allium genus has been placed in Alliaceae by some authors and in Liliaceae by the others. The Alliaceae J. G. Agardh (1858) is a small family of monocotyledons, consisting of 30 genera and approximately 720 species (Dahlgren et al., 1985) . In a reclassification of the inclusive family Liliaceae (sensu lato), Dahlgren et al. (1985) reinstated the family Alliaceae, as well as several other families. Alliaceae are widely distributed worldwide, especially the genus Allium itself while the other genera show characteristic distribution patterns. Embryological, cytological, morphological, and cytological and pollen studies carried out by Schulze (1980a Schulze ( , 1980b claim that Alliaceae family should be isolated from Liliaceae because of its special features.
According to recent taxonomic treatments by Davis (1988) , the Turkish flora comprises Allium L. within the Liliaceae. The genus Allium belonging to Liliaceae family is represented by 174 species (Davis et al., 1988; Guner et al., 2000) . Allium is divided into 14 subsections in Turkey. Data on pollen morphology of representatives of Allium genus as acquired under light (LM) microscope were given by El-Sadek et al. (1994) , Diez et al. (1987) , Nair & Sharma (1965) , and Radulescu (1973) . Furthermore, pollen size is known to be correlated with ploidy level. This relationship was described in Allium by Bothmer (1974) .
In this study, we investigate the pollen morphoplogy of the Allium species, which is the most difficult Monocotyledon family from systematic and taxonomic point of view. In order to solve these problems, detailed pollen morphological studies of 14 species of the genus Allium have been investigated.
Material and methods
All pollen samples were collected from different parts of Anatolia region and compared with herbarium of Faculty of Pharmacy of Ankara University (AEF), Faculty of Science of Hacettepe University (HUB) except two at Royal Botanic Garden (RGB) Edinburg herbariums. The voucher specimens are listed in the Appendix. Our object was to examine the pollen morphology of almost 14 of the Turkish Allium taxa by using the data obtained from LM, SEM, and TEM observations (Tab.1). Allium taxa consist of Sect. Codonoprasum (A. opacum, A. pallens subsp. pallens, A. bassitense, A. rupestre, A. staticiforme, A. hirtovaginum, A. albotunicatum subsp. albotunicatum) and Sect. Allium (A. sativum, A. porrum, A. bourgeaui subsp. bourgeaui, A. bourgeaui subsp. cycladicum, A. commutatum, A. pseudoampeloprason, A. pustulosum).
Pollen grains of specimens for LM investigations were prepared according to the methods of WODEHOUSE (1935) and ERDTMAN (1960) . Pollen dimensions of all species were measured in such amounts that the resulting data followed Gaussian curves. These measurements were made in acetolysed or not acetolysed pollen and on SEM micrographs (Tab. 1). LM studies were made by using a Nikon Alphaphot-2 YS2 microscope and the following parameters were measured: for sulcate pollen grains, the long axis (LA) parallel to the sulcus and the short axis (SA), length of the sulcus (slg), width of the sulcus (slt) and size of exine sculpturing elements (such as perforations and lira) and exine and intine thickness for all types. were taken with an Orthomat-w camera connected to a CarlZeiss-photo microscope. For SEM investigations, the pollen grains were put on the stubs, sputter-coated with gold plate, and examined under a Jeol JSM -840A scanning electron microscope. For TEM studies, acetolysed pollen grains were stained with 2% OsO4 and with uranly acetate, dehydrated and embedded in eponaraldyte according to the method described by SKVARLA & TURNER (1966) . Ulthrathin sections of the pollen grains were obtained with a glass knife in a Reichert Supernova microtome. Post-staining was done with lead citrate for 5 minutes (REYNOLD, 1963) , and the sections were examined under a Zeiss EM9. The clearest LM, SEM and TEM photographs representing each pollen type and the main pollen features were selected for this paper (Figs 1-62 ). The terminologies for pollen morphology proposed by WALKER (1974a, b) , FAEGRI & IVERSEN (1989), and PUNT et al. (1994) were followed.
Results and discussions
The main palynogical features of Turkish Allium taxa (and specimens) examined are summarized in Table 1 . A general description can be given as follows: According to LM and SEM investigations, the pollen grains are monad, monosulcate, monosulcateoperculate, heteropolar with bilateral symmetry. The pollen shapes (based on LA/SA ratio) prolate, subprolate or prolate-sferoidal, outline more or less circular in polar view, medium to large in size with LA 25-44 µm and SA 18-26 µm. The sulcus extends from distal to proximal in all species. Sulcus ends are blunt and broad and rounded. As a rule, the sulcus becomes narrow at the equator and widens at the poles. Sulcus membrane provided with fragmented operculum only in sections Codonoprasum or psilate (operculum absent). Sulcus membrane ornamentations are psilate, psilateperforate, granulate and rugulate-perforate. The exine is semitectate and the tectums perforate. Exine thickness 1.02-1.76 µm. Tectum has got intervals and it is formed by simple columellas. Ectexine is thicker than endexine and that endexine had a very thin structure with intervals .
Microperforations visible only on SEM microgaphs. The number of perforation in 1 µm 2 is 3-13, the diameter of perforation in average is 0.08-0.38 µm and the thickness of lira in average is 0.18-0.56µm . Intine 0.47-0.85 µm thick. Their ornamentational characteristics observed in their SEM micrographs are perforate-striate, perforate-rugulate and perforate-striate-rugulate.
These results show that there are several pollen characters of taxonomic significance in Allium. The main palynological differences have been found at the section level, especially in the sulcus membrane and the presence of an operculum. A distal fragmented operculum and extended sulcate type are typical for Allium of Alliaceae which have not been reported in the literature. There are also differences in the size of the pollen, exine thickness and number of perforation, diameter of perforation and thickness of lira. Thus, no other previous study related to this genus brought data about the sulcus membrane characteristics and the presence of an operculum. The common characteristics of the pollen grains of Allium have been investigated. Species show that their pollen apertures are monosulcate and monosulcate-operculate. We have found that the Allium pollen is monosulcate and sulcus extends from 2), pollen grain in proximal view with sulcus extending to the proximal face and with broad and rounded ends SEM 1500× (3); 4 -A. bassitense: pollen grain in distal view, SEM 2500×; 5 -A. rupestre: pollen grain in lateral view, SEM 1700×; 6 -A. staticiforme: pollen grain in distal view, SEM 2500×; 7 -A. hirtovaginum: pollen grain in distal view, SEM x 2200; 8 -A. albotunicatum subsp. albotunicatum: Pollen grain in distal view, SEM 1300×; 9,10 -A. porrum: pollen grain in proximal view, SEM 2200× (9), pollen grain in distal view, SEM 2200× (10); 11,12 -A. bourgeaui subsp. bourgeaui: pollen grain in distal view, with psilate of the sulcus membrane, SEM 3000× (11), pollen grain in proximal view with sulcus extending to the proximal face and with broad and rounded ends SEM 2500× (12); 13,14 -A. bourgeaui subsp. cycladicum: pollen grain in distal view, with psilate of the sulcus membrane, SEM 2500× (13), pollen grain lateral view, SEM 2500× (14); 15,16 -A. commutatum: pollen grain in distal view, SEM 3000× (15), pollen grain in proximal view with sulcus extending to the proximal face and with broad and rounded ends SEM 2000× (16); 17,18 -A. pseudoampeloprasum: pollen grain in proximal view with sulcus extendin to the proximal face and with blunt SEM 3000× (17), pollen grain in distal view with psilate ornamentation of the sulcus membrane, SEM 3500× (18); 19 -A. pustulosum: pollen grain in proximal view with perforate-striate-rugulate ornamentation, SEM 3300×. Scale bar = 10 µm (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) widely among monocotyledons and in many magnoliid dicotyledons. According to Changa et al. (1979) , the monosulcate type gave rise to extended sulcate types by the extension of the two extremities of the sulcus to the proximal face. Extended sulcate pollen grains found in the Allium may have evolved by extended by joining of the extremities of the aperture. Accordingly Allium species, there has been a transition from a monosulcate to extended sulcate. At the same time, these results are similar to Changa et al. (1979) .
The biggest pollen size was found in A. albotunicatum subsp. albotunicatum and the smallest in A. pallens subsp. pallens (Tab. 1). As shown in Table 1 , there is a decrease in pollen size in the sequence of the subsections Codonoprasum and Allium. The sulcus extends from distal to proximal and the sulcus ends are broad and rounded and blund in Allium (Figs 3, 9, 12, 16 , 17, 19, 49, 56, 59, 60, 61) . In generally, the sulcus ends are broad and rounded in Allium sections. The longest sulcus was observed in A. albotunicatum subsp. albotunicatum, the shortest in A. pallens subsp. pallens (Tab. 1, Fig. 8 ). The widest sulcus was measured in A. bourgeaui subsp. bourgeaui (Tab. 1, Fig. 11 ), which agrees with the statement of Pastor (1981) , Radulescu (1973) , Schulze (1980a) . These results showed that monosulcate grains were usually prolate, heteropolar, bilateral and monosulcate-operculate in the Allium genus and at the same time, sulcus extends from distal to proximal in all of the species in Allium genus.
Sulcus membrane ornamentations are psilate in A. opacum (Fig. 35) , A. pallens subsp. pallens, A. staticiforme, A. albotunicatum subsp. albotunicatum (Fig. 38) , A. sativum, A. bourgeaui subsp. bourgeaui (Fig. 11) , A. bourgeaui subsp. cycladicum (Fig. 13) , A. commutatum (Fig. 16) , A. pseudoampeloprason (Fig. 18) , and pustulosum (Fig. 40) , and psilate-perforate ornamentations only in A. bassitense (Fig. 4) , and rugulate-perforate ornamentations have been seen in A. hirtovaginum (Fig. 37) , and A. porrum (Fig. 39) , A granulate ornamentations can be found in A. rupestre (Fig. 36) .
Perforate-striate, perfotrate-striate-rugulate and perforate-rugulate ornamentation can be distinguished in the investigated Allium species. A perforate-striate ornamentation was observed in A. opacum (Fig. 20) , A. pallens subsp. pallens (Fig. 22) , A. hirtovaginum (Fig. 25) and A. commutatum (Fig. 32) , while perforate- (Fig. 22) , A. staticiforme (Fig. 24) , A. sativum (Fig. 27) and A. bourgeaui subsp. cycladicum (Fig. 31) , whereas perforate-striate-rugulate ornamentation in the other species was observed. These were formed by striae of different length and orientation and detail of the exine showing irregular striate-perforate ectexine (perforation only on the outside of the tectum) are presented by the some microperforations taken which were visible only in SEM. The most typical (separate species) have structured muri, simplicolumellate muri and were formed by lirae. The lumina are almost circular in Allium species (Figs 20-34 ). There are also differences in the number of perforation, diameter of perforation and thickness of lirae. Fine perforation is getting bigger through sulcus side (Figs 4, 18, 35) . (The perforations small ca. 0.08-0.38µm the width of the intervening tectum)
The results of TEM of A. opacum (Fig. 41) , A. hirtovaginum (Fig. 42) , A. porrum, (Fig. 43) , A. bourgeaui subsp. bourgeaui (Figs 44-45) , A. pustulosum (Fig. 46) , revealed that the exine was semitectate and the tectums perforate. The tectum is with intervals and is formed by simple columella. Ectexine is thicker than endexine and that endexine exhibits a very thin continuous structure. Tectum is thicker than foot layer with intervals ectexine is thicker in A. porrum than that in the other species (Fig. 43) . Columellae have almost the same thickness in both species and are longer in A. porrum (Fig. 43) . The smallest columellae was found in A. hirtovaginum (Fig. 42) . The thickest exine was found in A. bourgeaui subsp. cycladicum, and the thinnest in A. hirtovaginum.
The intine is thickest in A. pallens subsp. pallens and thinnest in A. sativum (Tab. 1). Our results are concordant with literature.
